Synthetic CdZnTe or "CZT" crystals can be grown under controlled conditions to produce high quality crystals to be used as room temperature radiation detectors. Even the best crystal growth methods result in defects, such as tellurium secondary phases, that affect the crystal's performance. In this study, CZT crystals were analyzed by micro Raman spectroscopy. The growth of Te rich areas on the surface was induced by low powered lasers. The growth was observed versus time with low power Raman scattering and was observed immediately under higher power conditions. The detector response was also measured after induced Te enrichment.
Introduction
The use of high quality crystals as room temperature gamma radiation detectors presents a significant advantage over other methods that require cryogenic cooling, high power, or larger volumes. One such crystal that has been under consideration for use as a detector is Cd (1-y) Zn y Te (CZT) [1] [2] [3] [4] [5] [6] [7] [8] [9] . Methods for growing high quality CZT have improved significantly over the last decade [10] [11] [12] [13] . As the reality of using CZT crystals as radiation spectrometers grows, so too does the necessity of having reliable and reproducible methods for measuring the quality of the crystals. Characterization techniques include infrared (IR) transmission imaging, synchrotron X-ray topography, photoluminescence spectroscopy, and Raman spectroscopy 1-6, 8, [11] [12] [13] [14] . All of these methods have been used to test for quality to predict performance of the crystal as a gamma-ray detector. In many instances one or more of these methods have been used to test the effect a treatment, such as annealing, has on the quality of the CZT crystal [15] [16] [17] [18] [19] .
Large localized defects can cause degraded detector performance across the entire detector 1 . In high quality detectors, small defects are less likely to cause a large loss in performance when a large area of the crystal is being used as the detector.
However, when high spatial resolution gamma detection is desired even small defects cause a noticeable decrease in performance [2] [3] [4] [6] [7] [8] [9] . A common defect found in most high quality CZT crystals is Te secondary phases, often located along grain boundaries 1, 4, 8, 9, 19, 20 . The secondary phases can be both large inclusions (> 50 µm) and smaller precipitates (< 50 µm). Tellurium has a relatively small band gap, 0.33eV, when compared with most CZT crystals, ~1.6eV 1, 21 . The Te secondary phases . However, it is less clear how a large area of surface Te will affect the spectrometer performance. In this study Raman spectroscopy was used to induce areas of Te secondary phases on the surfaces of the CZT crystals and the radiation spectrometer performance was measured.
Experimental Method
The CZT crystals used in this study, labeled CZT3-7-5 and CZT3-7-8, were Micro-Raman spectroscopy was performed using a Jobin Yvon LabRAM HR-800-UV Raman microscope with a 50X objective and a cooled CCD camera detector.
The micro-Raman spectra were collected using an Argon ion laser. The scattering light used during data collection was attenuated using filters with resulting beam power from ~2 µW to 20 mW. The Raman system has an automated microscope stage with mapping capability which was used to probe the crystal labeled CZT3-7-8 for uniformity, surface contaminants, and the Te precipitates. Additionally, the attenuated doubled light from a Spectra Physics Nd:YAG laser was used to expose larger areas of the crystal labeled CZT3-7-5. After the exposure to 532 nm light the gamma radiation detector response measurements were also made on CZT3-7-5. The method for detector response measurements used was described in detail in a previous paper 5 .
Results and Discussion
The X-ray topography image of CZT3-7-5 is shown in figure 1 . This image shows a number of defects present in the crystal. The X-ray topography image of CZT3-7-8, shown in a previous paper, had very few defects
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. The corresponding gamma radiation detector response measurements for this material confirmed that it was a high quality performer with a FWHM of 1.7% for the 662keV peak of 137
Cs. The X-ray topography image of highly polished CZT3-7-5 shows that the crystalline quality of this material is lower than that of CZT3-7-8. Due to its lower crystalline quality, we anticipated that this material may have a lower gamma radiation spectrometer performance which was confirmed with measurements using an 241 Am source (shown in figure 2a ). Current-voltage measurements of CZT3-7-5 (figure 2b) demonstrate that even though this crystal has some defects, it a moderate performer with a high bulk resistivity.
CZT3-7-8 was exposed to the 514 nm radiation from an Argon ion laser with ~20 mW power and had very intense peaks at 124 cm -1 and 144 cm -1 and a much less intense, broad peak centered ~ 160 cm -1 in the Raman shift spectrum. These peaks were consistent with those previously reported for high quality CZT crystals 13, [15] [16] [17] [18] .
However, in different locations on the crystal, the 124 cm -1 and 144 cm -1 peaks were much less intense when lower laser power was used. When the laser power was attenuated to below 100 µW these peaks were near background. The intensity of these two peaks was highly dependant on the laser power and duration of exposure.
The peaks at 124 cm -1 , ~140 cm -1 and ~160 cm -1 have been attributed to surface
Te precipitates, the transverse optical (TO) mode of CdTe, and the longitudinal optic (LO) mode of CdTe respectively 13, [15] [16] [17] [18] 21 . Figure 3 shows the growth of the 124 cm , where the dark area has very low intensity peaks at both of those Raman shifts.
An area of CZT3-7-5 was exposed to a low power doubled Nd:YAG laser to induce Te enrichment on the surface. The crystal was exposed in one corner on the Te terminating face and the opposite corner on the Cd terminating face. Figure 6 shows Raman spectra of the area of the crystal that was exposed, before and after the laser exposure with both 30 second and 300 second collection time. Both crystal faces produces identical Raman spectra both before and after the laser exposure. These spectra were collected using an argon ion laser attenuated to approximately 240 µW laser power. Figure 6d ) shows that even with such a low power laser, a 300 second exposure is sufficient to cause growth of the 124 cm -1 and 144 cm -1 peaks. The surface was probed in different areas prior to the Nd:YAG laser exposure in order to ensure that the surface did not already contain areas of high Te content. It is likely that very small Te precipitates were already present, however none were found with random area sampling. After the surface was exposed with a single pulse from the Nd:YAG laser the surface was again probed by Raman spectroscopy. The exposed area exhibited a considerable increase in intensity of the 124 and 144 cm -1 peaks. No other changes in the Raman spectra were observed. These results indicate that Te aggregation and possibly CdTe bond dissolution were the only changes induced by the laser and detected by Raman spectroscopy. The unexposed area of the surface was also probed in several random spots to confirm that no changes were induced elsewhere on the crystal.
The crystal resisitivity and spectrometer performance was then re-measured. 
